S. I., AND R. S. FISHER. Stratum corneum offrog skin: inferences for studies of Nu entry and transport pool. Am. J. Physiol. 232(l): C37-C44, 1977 or Am. J. Physiol.: Cell Physiol. 1( 1): C37-C44, 1977. -Pieces of isolated stratum corneum from frog skins were studied. Preliminary data showed that approximately 56% of the total sodium of split skins was associated with the stratum corneum. In more detailed studies, the sodium space estimated with 22Na and the volume of tissue water were identical, averaging 0.95 pi/cm? Thus, the stratum corneum contained approximately 0.11 ,ueq Na+/cm2. Similar determinations of the sucrose, mannitol, and inulin spaces of the stratum corneum gave mean values of 0.84, 2.21, and L84 p1/cm2, respectively. Surprisingly, the mannitol and inulin spaces were observed to be at least twice as large as the space occupied by the tissue water, and this can be interpreted to mean that mannitol and inulin bind in appreciable amounts and thus are unsuitable markers of the sodium space. Whereas the kinetics of sodium uptake and washout could be described simply, similar studies for sucrose, mannitol, and inulin were more complex and consistent with appreciable binding of the substances to the stratum corneum. extracellular volume markers; inulin space; mannitol space; sodium space; sucrose space; epithelial tissues; R. pipiens IN ORDER TO GAIN INSIGHT into the mechanism whereby sodium is actively transported across an epithelium such as the frog skin, it is important to know the sizes and locations of the sodium-containing compartments that participate in this process. A significant advance in this direction was made when it became possible to dissociate the epithelial cell layers of the frog skin from the adhering connective tissue, thereby allowing better estimates of the Na and K content of these isolated split skins (1, 4, 17) .
During the active transport of sodium across the frog's skin, the sodium ion encounters first the outer cornified layer of epithelial cells (the stratum corneum). Although there are no known physiologically important functions associated with the stratum corneum, we thought it possible that despite its relatively small volume, its presence at the outer surface of the skin could constitute a space that could be significant, especially in those studies where attempts have been made to assess the mechanism of sodium entry into the sodium transport pool (2, 3, 5, 7, 13, 18) . During the course of other studies utilizing preparations of split skins, we observed that isolated sheets of stratum corneum up to 14 cm2 in area could be obtained for direct study if the skins were incubated overnight in Ringer solution containing aldosterone. The availability of these isolated sheets of stratum corneum allowed us to study directly some of the properties of this epithelium, especially so with regard to the role it might play in the determination of the intracellular and extracellular distribution of sodium during isotopic loading studies done from the outer surface of the skin. It was also of interest to evaluate various space markers such as inulin and mannitol as they pertain to the studies of sodium uptake described previously by Biber, Cruz, and Curran (2, 3) and Erlij and Smith (7).
MATERIALS AND METHODS
Isolation of stratum corneum, On the day prior to study, the belly skins of large southern frogs (R. pipiens berliendieri, Mogul-Ed, Oshkosh, Wis.) were removed and incubated overnight (18-24 h) in a beaker containing aldosterone (0.5 mg/liter, CIBA Pharmaceutical Co., Summit, N.J.) in sulfate-Ringer. In order to maintain the skins as flat sheets and to facilitate the recovery of the stratum corneums, the outer faces of the skins were glued to Lucite gaskets (OD 51 mm, ID 42 mm) with a tissue adhesive (Zipbond, Tescom Corp., Minneapolis). During incubation, the Ringer solution was bubbled continuously at room temperature with 100% oxygen. On the following day, continuous sheets of stratum corneum (14 cm2 in area) could be recovered after the skins were pulled back on themselves, leaving the stratum corneums glued to the Lucite gaskets. From this, pieces of known area could be cut with a cork borer for subsequent study. Of the usual 12-14 skins incubated, we could usually obtain three to eight intact sheets of stratum corneum. The remaining skins yielded either small fragments or none at all. These isolated stratum corneums were then reincubated in Ringer solution for at least 1 h before subsequent study. When the skins were mounted between chambers, the values of the short-circuit current were high as were the values of the open-circuit voltages (X00 mV). In contrast, the open-circuit voltage of the sheets of stratum corneum similarly mounted between chambers was zero. Space determinations. In order to determine the volumes of distribution of sodium and the other space markers, pieces of stratum corneum were incubated for periods of 25 min and 4 h in Ringer solution containing either 22Na, 21.7 &i/ml;
[3H]sucrose, 10 &i/ml;(New England Nuclear Corp.). The corresponding chemical concentrations of sucrose, inulin, and mannito1 were in most studies 2.1 PM, 2.63 g/liter, and 3.8 PM. As the data could be interpreted to indicate binding of inulin and mannitol to the stratum corneum, additional studies were done to test this by determining the spaces of distribution of [3H]mannitol in the presence of varying cold concentrations of mannitol up to 1004 PM. Similar studies could not be done with inulin owing to its relative insolubility in solution.
Immediately after removing a piece of tissue from its incubation solution, the tissue was blotted on filter paper for approximately 15 s and then weighed for determination of its "wet weight" (50-60 s after blotting). As evaporation occurred continuously during the 50-60 s required to estimate the wet weight, the values were corrected for the approximate 20% loss of tissue wa ter as estimated in separate studies (see RESULTS) .
This problem was given special attention owing to the large surface area-to-volume ratio of the stratum corneum. In some studies the tissues were dried overnight at 195°F and the dry weights determined, This was done best with large 14-cm2 pieces of stratum corneum where the dry weights averaged 0.23 mg/cm2 (see Table 1 ).
To determine the radioactive contents of the tissues, the tissues after blottin .g and m .easuremen t of the' wet wei ghts were incubated again in tracer-free solution for 5-8 h. The solutions and tissues were assayed for isotopic activity by liquid scintillation spectrometry (Nuclear Chicago, Mark II) and in some cases by gammaray spectrometry for 22Na (Nuclear Chicago 4218) . From the known activity of the isotopes in the loading solutions and the total tracer activity of the solutions and tissues, the volumes of distribution were calculated while assuming that the space markers were distributed uniformly within the accessible spaces of the tissue without significant binding. This latter assumption is questionable, especially so for mannitol and inulin (see RESULTS).
Tracer washouts. It was of interest to determine the time course of tracer washout from pieces of stratum corneum that had been preloaded with either radioactive sodium, sucrose, or inulin. To do this, pieces of stratum corneum were incubated as before for at least 90 min in Ringer solution containing the appropriate tracer. After blotting the tissue on filter paper, each piece of stratum come urn was transferred sequentially into shell vials that contained 0.6 ml of tracer-free Ringer solution, and the transfers were done at 5, 10, 15, and 20 s and thereafter at 10-s intervals. From the assayed radioactivity of e ach vial and the activity present in the tissue at the end of the washout periods, it was possible to determine the rate at which the tracer was lost from the tissue as well as the total tracer content (and space of distribution) of the blotted tissue. It was determined (see RESULTS, Fig. 2 ) that th .e time course of tracer washout, especially so for the 22Na, was markedly dependent on the rate-of stirring. Accordingly, the tissues were held with no. 5 Dumont tweezers and agitated vigorously in sewing machinelike action by hand in order to minimize the effects of unstirred layers on the kinetics of tracer washout, and in other studies on the kinetics of tracer uptake. The tissue excursions were approximately 1 cm at 400 cycles/min. Tracer uptake. In some studies it was of interest to determine the rate of uptake of the space markers by the stratum corneum. After incubation of the tissues with tracer-free Ringer solution, the tissues were blotted gently on filter paper and then plunged and agitated vigorously in the isotope-containing Ringer solution for intervals of either 10, 20, or 30 s. Immediately thereafter, they were removed, blotted again on filter paper as before, weighed, and assayed for radioactive content, Mannitol space of intact stratum corneum. In some studies skins with intact stratum corneums from freshly dissected frogs and skins incubated overnight were mounted in chambers and bathed with Ringer solution containing 10 &i/ml
[3H]mannitol in the outer solution. Each skin was divided in half so that one piece was exposed to the hot mannitol at a cold mannitol concentration of 3.8 PM. The second paired half was similarly exposed to the same concentration of hot mannitol (10 &i/ml), but the cold mannitol concentration was increased to 1,004 PM. This permitted a direct test of the ability of the cold mannitol to displace the bound tracer mannitol at the outer surface of the skin.
Ringer solution. The Ringer solution consisted of 56 mM Na,SO,, 1.2 mM KzS04, 2.4 mM NaHCO,, 1.2 mM CaSO,, and 11 mM glucose and was used in all phases of these studies.
RESULTS
As noted in the introduction, it was of interest to determine to what extent the cells of the stratum corneum contributed to the sodium space at the outer surface of the skin. In preliminary studies, we chose to obtain estimates of the Na and K content of the isolated stratum corneums as well as the Na and K content of split skins that included the cells of the stratum corneum and the stratified cell layers of the epithelium. To obtain the split skins, we used skins that had been incubated overnight in the Ringer-aldosterone solution, and the skins were split using similar techniques described by others (1). In brief, the skins were mounted horizontally between Lucite chambers that permitted the inner surface of the skins to be bathed with the Ringer solution containing collagenase (0.5 mglml, Sigma Chemical Co., cat. no. C 0130) while the outer surface was bathed with Ringer solution. After 2-3 h of incubation at 35"C, the skins were removed from the chambers and the intact epithelium separated from the connective tissue. In some studies the split skins were remounted between chambers that permitted the determination of the open-circuit voltage and short-circuit current, and these split skins were observed to possess short-circuit currents similar to that observed for the intact skins, although their open-circuit voltages and electrical resistances were less than observed previously for nonedge-damaged skins (9, 10, 16). After incubation of the split skins for an additional l-2 h at room temperature, the split skins and isolated stratum corneums were analyzed by flame photometry for their content of Na and K after extraction of the Na and K with HNO,. As we did not know in these preliminary studies the extent to which the Na and K were partitioned between intracellular and extracellular compartments, we chose arbitrarily to wash the tissue in a Na-free solution (MgS04 substituted for NaSO,) for 30 s, assuming that the remaining Na and K would reflect primarily the contents of the intracellular compartments. Although these studies were done with clear recognition that the estimates so obtained could be biased by appreciable errors in the absolute values of Na and K, we were surprised to find that the stratum corneum possessed a large quantity of Na relative to that observed for the split skin. As shown in Table 1 , the stratum corneum contained 0.073 peq Na/cm2, and this represented 56% of the Na content of the split skin. The K was observed to be distributed primarily within the cells of the stratified epithelium. For the nine studies, the K/Na ratio of the stratum corneum was observed to be 0.34 * 0.08, whereas the K/Na ratio for the split skins was 5.0 k 0.43. The K/Na ratio of the stratified epithelium was calculated to be 14.6 t 3.3 from the estimated values of Na and K obtained from the difference between the contents of the split skin and the stratum corneum.
In view of these results, we attempted to characterize further the isolated stratum corneum, especially with regard to the spaces of distribution of sodium and to the spaces of sucrose and mannitol and inulin as they relate to the estimation of the intracellular and extracellular distribution of sodium in the stratum corneum. Tissue weights.
In order to obtain estimates of the tissue water, it was necessary to determine the wet and dry weights of the tissue. As water evaporation could be significant during the time intervals between tissue blotting and weight determination, separate studies were done to assess this. Pieces of stratum corneum (1.04 cm2) after blotting were placed on a balance capable of reading to 0.01 mg (Sartorius model no, 2414) , and the tissue weights were recorded at intervals of 15 s after the usual delay of 45-60 s required to obtain the first reading. The results of nine studies are shown in Fig. 1 . The data points were fit empirically to a semilogarithmic relationship with time of weight determination and expressed as a percent of the wet weight at the time of blotting (time 0). As the tissue weights in most studies were determined at approximately 60 s after blotting, the weights measured at 60 s were corrected by the approximate 20% evaporative loss of tissue water estimated at this time. The mean wet weight was calculated to be 1.14 mg/cm2 (Table 2) . In a separate group of eight studies, the wet and drv weights were determined c39 with large pieces of stratum corneum (13.9 cm2). As shown in Table 2 , the dry weights averaged 0.23 mg/ cm2, and the mean dry to wet weight ratio was 0,175. From these values and the values of wet weight determined previously, the mean tissue water was calculated to be 0,95 mg/cm2. This value of tissue water served as a reference for comparison of the values of the calculated volumes of distribution of Na, sucrose, mannitol, and inulin.
Volumes of distribution.
Pieces of stratum corneum were incubated in isotope-containing Ringer for periods of 25 min to greater than 4 h to ensure that the markers had achieved a stable steady-state distribution between the tissues and the medium. As there were no differences in the values when the tissues were incubated in the presence of the tracer for 25-45 min and for greater than 2 h, the data were pooled. Moreover, the kinetic washout data reported below are consistent with the assumption that steady-state distributions were achieved.
The results are summarized in different from each other, they were on the average at least twice as large as the corresponding values of the spaces calculated for sodium and sucrose. It was possible that these rather odd findings could have been attributed to differences among tissues. However, this was ruled out in groups of studies where the experimental protocols included the simultaneous determinations of the space distributions of two markers in the same pieces of tissue. For example, in one group of studies the sodium and mannitol spaces were measured simultaneously in nine tissues. The sodium space was calculated to be 1.03 t .026 p&m2 and the mannitol space was calculated to be 2.21 t 0.48 pl/ cm2; the mannitollsodium space ratio was 2.21 2 0.48. In a second group of eight tissues, the sucrose and inulin spaces were measured simultaneously.
Here, the sucrose and inulin spaces were found to be 0.84 t .07 and 1.87 t .24 @m2, respectively, and the inulinlsucrose space ratio was 2.41 t 51.
Tracer washout. Two groups of studies were done to evaluate the kinetics of 22Na washout from tissues preloaded with 22Na. In the first group (n = 5), the washout was determined over a period of 6 min, and the tissues were not stirred during the washout periods. As shown in Fig. 2 , the tissue 22Na fell to 50% of its initial value within the first 22 s. However, when the tissues were stirred vigorously during the washout periods, the half time for 22Na washout decreased markedly from a mean of 22 to 3.9 s. Accordingly, it was apparent that "unstirred layers" could contribute appreciably to the data, and in this regard, the mean estimate of 3.9 s was likely a maximal estimate of the t1,2 of the 22Na washout.
As the data points could be fit with a single exponential function, it seemed reasonable to consider that the Na behaved as though it was distributed in a single pool. The volume of distribution of Na (Table 2) as estimated previously was 0.95 pl/cm2, and when this value was compared to the value of tissue water, 0.95 pl/cm2, it was apparent that the space occupied by sodium was identical to the space occupied by the tissue water (Na space/mg tissue water = 1.00 t .03). Accordingly, the stratum corneum, at least for sodium, could be considered as a single pool behaving as a simple layer of saline possessing a sodium concentration similar to that of the Ringer solution. In this regard, these data are similar to that reported by Dijrge et al. (6) where it was observed with microprobe analysis of the stratum corneum that the Na concentration of the intact stratum corneum was similar in concentration to that of the bathing solution. From the tracer washout data, it was calculated that the permeability to sodium was 0.133 cm/h assuming 2 cm2 of area per square centimeter of stratum corneum. The corresponding diffusion coefficient calculated with the assumption that the sodium diffused out of the tissue equally well across both faces of the tissue (with a path from preloaded stratum corlength of 3.5 pm) was 1.3 x 10B8 cm2/s. As this value was nearly 3 orders of magnitude less than the diffusion coefficient for Na in bulk solution, it was conceivable that the sodium must have encountered some rate-limiting barriers other than the extracellular space while diffusing out of the tissue. The results of similar studies done to assess the kinetics of inulin and sucrose washout are shown in Fig. 3 together with the results of the sodium washout studies. In contrast to sodium, the kinetics of inulin and sucrose washout were observed to be considerably slower and the inulin washout was characteristically slower than that of the sucrose washout. Indeed, at approximately 25 s when greater than 99% of the Na had been lost from the tissue, the stratum corneum contained nearly 14 and 34% of the original amounts of sucrose and inulin, respectively. It was also its of sodium washout obvio could us that whereas the be described by a kinetsingle exponential loss, it would be necessary to curve fit the data two i for the .f not m inulin and sucrose washouts .ore exponential functions. No with at I attempt .east was made to do this. In part, the loss of sucrose and inulin from the tissues could have included diffusion out of intracellular spaces as well as extracellular spaces. If so, it would not be unreasonable to speculate that the barriers to diffusion encountered by sucrose and inulin would be less permeable to sucrose and inulin than they would be for sodium, and thus, the multicomponent washout characteristic for the sucrose and inulin could reflect the rate of loss from many compartments each with its own differential permeability characteristic. It is additionally possible as noted above especially so for inulin, that, in part, the inulin may be bound to the tissue, and thus its washout characteristic could also reflect the rate of desorption of inulin from tissue-binding sites. Furthermore, despite the observation that the sucrose and sodium spaces appeared to be similar in value, it remains possible that in part the sucrose is also bound to the tissue, and consequently, the calculated sucrose space could overestimate its actual space of distribution. In order to attempt an explanation for the curious observation that the inulin and mannitol spaces exceed greatly the space occupied by the tissue water, it would seem possible that binding of inulin and mannitol to the tissue may have been appreciable. Consequently, in considering the suitability of mannitol and inulin as space markers of the stratum corneum, it was not possible to associate their values in a relevant way with the physical reality of a tissue water space less than onehalf the values of the mannitol and inulin spaces, and whereas the sucrose and sodium spaces were found to be similar, we think it appropriate to exercise caution in concluding that the sucrose and sodium occupied the same space, as their washout characteristics were markedly dissimilar.
Tracer uptake. An additional series of studies was done to determine the rate at which isolated pieces of stratum corneum equilibrated with sodium, mannitol, and inulin. The results are shown in Fig. 4 . In the upper part of this figure, the ordinate gives the space calculated at either 10, 20, or 30 s after vigorous stirring of the tissues in the isotope-containing Ringer solutions. For sodium, the spaces determined at 20 and 30 s were the same, and these data are in accord with the tracer washout studies. The mannitol "space" was consistently less in value than the sodium spaces at the lo-, 20-, and 30-s time intervals. At 30 s the mannitol space (03 pl/ cm2) was more similar in value to the sodium space (1.1 pl/cm2) than was the inulin space (0.3 pl/cm2).
As shown in the bottom part of Fig. 4 , the data have been expressed as a percent of the space calculated after 25 min of loading. As shown, the sodium had equilibrated with its "final space" within the first 20-30 s, whereas the mannitol and inulin spaces had reached only 36 and 17% of their final values, respectively. Accordingly, the coincidence of the values of the mannitol and sodium spaces as measured at times near 30 s could at best be considered fortuitous and most certainly not attributable to the ability of mannitol and inulin to measure the sodium space.
Cold mannitol effect on space of mannitol distribution. On the premise that mannitol binds to the stratum corneum, two additional sets of studies were done to test whether cold mannitol could displace the bound tracer mannitol.
The studies were done with intact stratum corneums and as before with isolated stratum corneums.
In the first group of studies, skins freshly dissected from frogs and skins incubated overnight were mounted in chambers in order to permit the volumes of distribution of [3H]mannitol to be determined at the outer borders of the skins. One-half of each skin was exposed to 10 &i/ml
[3H]mannitol at a cold mannitol concentration of 3.8 FM. Its paired control half similarly mounted was exposed to the same hot mannitol concentration, but the cold mannitol concentration was increased to 1,004 PM. After 45-60 min, the central areas of skin were assayed for activity and the spaces of distribution expressed in units of microliters per square centimeter of skin area.
The results are shown in Table 4 , When the skins were exposed to E3H]mannitol at a cold concentration of 3.8 PM, the mannitol space was Z-35 ,&m2, a value quite similar to that observed for isolated pieces of stratum corneum alone (see Table 3 ). In the presence of 1,004 PM cold mannitol, the space of distribution was decreased to L46 p1/cm2 as would be expected if mannito1 binding had occurred. In the 16 studies, the mannitol space was approximately 67% greater in value when determined at 3-P PM mannitol as compared to the value at 1004 PM cold mannitol Of the 16 studies, five skin pairs were obtained from fresh frogs, two skin pairs were obtained from skin incubated overnight and from which the stratum corneums were removed, and nine skin pairs were obtained from skins incubated overnight that were in various stages of the molting process. As there were no systematic or quantitative differences, the data were pooled. Although the cold mannitol clearly caused the calculated volumes of distribution to decrease to 1.46 pl/cm2, this value was still considerably larger than the tissue water space of 0.95 pl/cm2 of stratum corneum determined previously. As this could conceivably reflect distribution of mannitol into additional spaces other than the stratum corneum, a final set of studies was done with isolated stratum corneums incubated in Ringer containing 10 &i/ml [3H]mannitol and varying concentrations of cold mannitol.
In three studies, the volumes of distribution of [SH]mannitol were determined at cold mannitol concentrations of 3.8, 104, 204, and 1,004 PM. The results are shown in Fig. 5 . For these isolated stratum corneums, the mannitol space decreased from 6.94 pl/cm2 at 3.8 PM mannitol to 2.42 and then to 1.64 and 1.37 p&m2 at increasing concentrations of cold mannitol, and again at 1,004 PM mannitol, the volume of distribution was greater than 0.95 ~l/cm2 of tissue water space* These data taken together with the above also support the idea that mannitol can bind in appreciable amounts to the stratum corneum and thus may cause considerable uncertainty as to its usefulness as an appropriate volume marker for the sodium space at the outer surface of the skin
DISCUSSION
The present studies were undertaken to obtain direct estimates of some of the properties of the stratum corneum of frog skin, especially with regard to the possible involvement of the stratum corneum in determinations made of the "extracellular spaces" at the outer surface of the frog skin. These studies were especially appropriate owing to the interest in recent years in the further evaluation of the mechanism by which the sodium ion penetrates the "outer membrane" of the cells during the transepithelial process of active sodium transport.
As noted in the introduction, no evidence is available from the past or the present studies to suggest an important physiological role of the stratum corneum in the process of active sodium transport, even though stimulation of active sodium transport by aldosterone has been shown to be assoicated with enhancement of the molting process (15). It is quite clear, especially from the results of the studies of Kidder et al, (ll) , that the stratum corneum is highly permeable to sodium as evidenced by the rapid changes of the potential difference (cl s) observed in response to changes of the sodium concentration of the outer solution. However, as observed in the present studies, it is equally clear that the stratum corneum that constitutes but a small fraction of the total volume of the skin possesses a disproportionately large quantity of sodium (0.11 peq/cm2 at [Na], = 114 meq/liter). Accordingly, it is entirely possible that the sodium ion can penetrate through the stratum corneum reaching the outer border of the transporting cells quite rapidly (cl s). Yet this would not be in conflict with the idea that the stratum corneum contains a large pool of Na that in and of itself does not participate i n the active transport process but represents a space that could interfere with the determination of the pool size at the outer surface of the skin.
The tissue water space of 0.95 @m2 estimated in the present studies would correspond to a layer of tissue approximately 9.5 pm in depth. Although we have not attempted to measure this directly, it is conceivable that the stratum corneums used in the present studies could have consisted of two to three layers of cells, and this would be consistent with the direct electron microscopic observations of the stratum corneum by Voute and Ussing (19). Whereas, the stratum corneums of isolated and intact skins may possess more than a single layer of cornified cells, and whereas the stratum corneums possess Na concentrations similar to that of the Ringer solution whether measured on intact or isolated stratum corneums as shown by Dijrge et al. (6) and in the present studies, it was of additional interest to observe that the mannitol spaces of the intact skin studied in chambers were similar to the mannitol spaces observed for the pieces of isolated stratum corneums (Tables 3 and 4 ). Th us, it was of interest to examine the findings reported here at least qualitatively as they may be of relevance to the studies of Biber and Curran (2), Biber et al. (3), Erlij and Smith (7), and others where the extracellular space as measured by either inulin or mannitol or not measured at all (5, 13, 18) has been the subject of some importance as it relates to investigations of the mechanism of sodium entry into the frog skin.
From a kinetic analysis of the rate at which tracer sodium is taken up at the outer surface of the skin, Biber and Curran and others observed that the unidirectional influx, &, was considerably larger than the corresponding values of the short-circuit current (2, 3, 5, 18). It was proposed by Biber and Curran (2) that J,, could be divided into two components, namely a linear component characterized by a permeability coefficient x, and a saturating component that followed MichaelisMenten kinetics.
The existence and relevance of the linear component has been questioned, especially by Erlij and Smith (7), who reported that the linear component disappeared entirely when mannitol rather than inulin was used to estimate the extracellular sodium space. In part, the interpretation of such studies rests on the stated assumption that the space markers such as mannitol and inulin are capable of equilibrating with the extracellular space occupied by the sodium, and so give reasonable estimates of the amount of sodium to be subtracted from the total amount of sodium taken up by the tissue. If the results of the present studies can be taken to be indicative of the behavior of inulin and mannitol as they interact with the stratum corneum, it is possible that neither inulin nor mannitol in fact estimates the extracellular space alone, and moreover, it is possible that in part they penetrate the intracellular space. It has been reported that lanthanum penetrates the cells of the stratum corneum (12), and thus it is not surprising that the sodium concentration of the cells was high and similar to that of the Ringer solution. It was unexpected and therefore surprising that the spaces calculated for inulin and mannitol were not only larger than the space occupied by sodium, but even larger than physically possible as estimated by the tissue water.
Perhaps the simplest explanation for these findings is that mannitol and inulin are bound to the tissue (stratum corneum) in significant quantities, and so it would not be possible with any degree of certainty to use these substances as volume markers, especially so for sodium. Indeed, if it is permissible to extrapolate these findings to the intact skin, especially under conditions where either the inulin or mannitol had achieved a steadystate tissue to medium distribution, correction for sodium content based on the inulin or mannitol space could result in a significant underestimation of the amount of sodium in the epithelial cells (transport pool) associated with the active transport of sodium.
It is of interest to note that Biber et al. (3) Despite the above uncertainties, the essential and important argument that J,, saturating most likely relates to the process of Na entry is not under question. It has been observed that even when inulin and mannito1 are used as volume markers, the linear component of sodium entry is reduced significantly and more so than the saturating component of J,, when studies are done at low concentrations of Na in the outer solution. These findings are readily explained if it is conceived that the sodium content of the stratum corneum is linearly related to the [Na] , and where the J12 saturating (or I,,) arises as a consequence of a saturable process where the K, may be near 6 mM. Accordingly, when studies are done with [Na], = 6 mM, the Isc would be reduced by less than 50% of the I,, at 114 mM [Na],, whereas the sodium contained in the stratum corneum would have been reduced by nearly 95% of its value at 114 mM [Na],. If this is the case for intact skin, then it may be that the linear component of J,, could be attributed predominantly to the properties of the stratum corneum bearing no relationship to the mechanism whereby sodium entry occurs across the outer border of the sodium transporting cells. Moreover, as the values of J,, saturating and Zse are quite similar, the data of the present studies would lend support to the view noted by Erlij and Smith (7) that it would not be necessary to propose a
